Abstract
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
The introduction of Antiretroviral Therapy (ART) has led to a significant success in Human Immunodeficiency Virus (HIV) viral suppression, reduced the incidence of Acquired Immunodeficiency Virus (AIDS)-defining illnesses, and improved quality of life [1, 2] . In recent times, ART has also been identified as a potent intervention to reduce the transmission of HIV among HIV serodiscordant couples [3] [4] [5] [6] . Optimal adherence to ART has however emerged as a key determinant of ART's success [7] . It is therefore desirable to provide adherence support for patients receiving ART to help preserve the effectiveness of first-line ART regimens.
Several approaches, ranging from the simplification of dosing schedules to the design of complex adherence interventions have been developed [8, 9] . Among these interventions, mobile phones have emerged as a potentially more effective adherence support strategy [10] due to its increasing penetration rate, relatively low cost, convenience and the ability to offer varied communication approaches [11] [12] [13] . Mobile phone coverage is now near ubiquitous, with an estimated 95% of the global population living in an area covered by a basic 2G mobilecellular network [14] . With documented evidence of its use in the management of several chronic conditions [15] [16] [17] , mobile phones will be essential in facilitating the attainment of the 17 sustainable development goals (SDGs) [18] .
Unfortunately, the quality of evidence and the strength of recommendations of existing studies and reviews do not support the widespread adoption of mobile phone interventions in ART adherence [19, 20] . The recommendations from the two reviews (which included only RCTs and SMS-based interventions) may be limited to high literate populations who might already be familiar with sending and receiving text messages. The situation is summarised by two systematic reviews, which concluded that 'mobile SMS is effective in improving adherence to ART [21, 22] '. In the first systematic review, (carried out in 2012), Horvath and his colleagues [21] utilised the standard Cochrane review approach to identify studies utilising mobile phones for ART adherence. However, only two studies [23, 24] met its strict inclusion criteria (only randomised controlled trials [RCT] utilising SMS messaging as an intervention). The authors found evidence of efficacy in using short weekly messages. The publication was followed by a recommendation by the World Health Organisation to consider text messaging 'for promoting adherence to ART as part of adherence interventions [25, 26] .
Newer studies on SMS interventions have produced more contradictory results. The inconclusive findings, coupled with a need to determine the specific components of text-messaging trials that provided the observed effects, led to a second systematic review in 2014 by Finitsis et al., [22] . The eight RCTs that met the inclusion criteria found text-messaging interventions to be effective in supporting antiretroviral therapy adherence. Through sensitivity analyses, this review further reported on key design elements of the intervention that can potentially enhance the observed effects. These design elements include frequency of message delivery, directionality, tailoring of message content and matching the message to dosing timing. The literature so far has been inconclusive on these, and the authors recommended further exploration of these areas [22] Despite the quality evidence generated by the two reviews, it remains unclear if the efficacies observed in these RCTs translates into effectiveness in broader and more realistic settings. While recommending RCTs to ascertain intervention's effectiveness, attention could be paid to other forms of evidence (e.g. prospective cohort studies and pragmatic trials) that permit assessment of patients in their natural settings for longer periods.
Another real-world implementation dimension not addressed in the existing reviews is how SMS-based intervention may be implemented in low literacy populations. With emerging evidence suggesting that designs that encourage two-way communication may exhibit better outcomes [22] , low literate populations may not benefit from the SMS-based intervention. A promising approach that may enhance engagement in this population is a phone call intervention. A preference for phone calls over text messages in populations with low-literacy and resource-constraint settings has been reported [27] . The limitations of existing SRs and the rate of incoming evidence calls for a more inclusive, up-to-date review that incorporates other forms of evidence. Our review adopts a broader scope to include mobile phone voice calls and non-RCTs. Findings of the current study will fill an essential gap in prior reviews that relied solely on SMS reminders and SMS-based interventions [23, 28] .
Methods
The review was guided by methods developed by Joanna Briggs Institute [29, 30] and followed the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) format [31] .
Search strategy
An initial limited search of major databases (PUBMED, CINAHL, MEDLINE and EMBASE) was undertaken to identify relevant keywords. This was followed by the development of a comprehensive and exhaustive search strategy, which was modified as appropriate across databases. The search strategy for PUBMED database is provided as a supplementary file (S1 Table) .
The following electronic databases were subsequently searched in the period from January 1995 to June 2017: PUBMED, MEDLINE, EMBASE, Psych INFO, Cochrane Central Register of Controlled Trials (CENTRAL), CINAHL, AMED and Web of Science. Using different terms, trials that had been registered in the 'ClinicalTrial.gov' were also searched. Searches were limited to human studies but not by language or setting. The search strategy specified keywords, including 'text messaging', 'SMS', 'voice calls', and 'phone calls' combined with 'adherence or compliance'. We also searched online abstract archives of relevant conference proceedings, including the conference on Retroviruses and Opportunistic Infections (CROI), International AIDS Conference (IAC), and the International AIDS Society (IAS) Conference on HIV Pathogenesis, Treatment and Prevention. Finally, a hand-search of the reference lists and bibliographies of potential studies was performed.
Study selection
Electronic search results were imported into Endnote X7 bibliographic software [32] and duplicates removed by one author (IA). This was followed by an independent screening of titles and abstracts against set inclusion and exclusion criteria by IA, DB and DYQ. Two authors (IA and DB) independently screened full texts of all potentially relevant studies. Disagreements were resolved by consensus or discussion by all authors.
Eligibility criteria
Papers eligible for inclusion were informed by inclusion and exclusion criteria applied to each of the following domains: study types, types of participants, types of interventions and types of outcomes. The inclusion and exclusion criteria within each of the domains are described below:
Study types: We included randomised controlled trials (RCTs) and quasi-experimental studies that examined the effectiveness of mobile phone-based interventions for ART adherence. Qualitative only designs, letters to editors and commentaries on published studies were excluded.
Types of participants (P). This review included HIV positive individuals receiving ART, irrespective of age (to include carers in the case of vulnerable adults or children). Further, studies were included irrespective of gender or clinical stage of HIV infection in a primary, outpatient, community and hospital care settings.
Types of interventions (I).
Interventions of interest were voice calls, short message service (SMS) and Interactive Voice Response Calls (IVR) that were delivered by mobile phones (standard or smartphones) and targeted ART adherence. We defined IVR as an automated telephony system that interacts with callers, through mobile phones, gathers data and directs calls to the appropriate recipient [33] . Studies in which adherence interventions were augmented by smartphone applications (apps) or delivered to fixed telephone landlines were excluded.
Comparator (C). Mobile phone-based interventions were compared with existing standard adherence interventions such as self-monitoring, reinforcement, counselling, and psychological therapy [34] . Studies were excluded if the comparator is also an adherence reminder such as an alarm system.
Types of outcomes (O).
The primary outcome was ART adherence. This was measured directly (e.g. pill count) or indirectly (e.g. self-reporting), and secondary outcomes were HIV viral load (quantity of virus in a given volume, copies/mL), quality of life and patient satisfaction with the mobile phone intervention.
Data extraction
A data extraction sheet based on Joanna Briggs Institute (JBI) data extraction forms [35] was developed, pilot-tested on four (4) randomly selected included studies and refined as appropriate. Details of the included studies were then extracted by one reviewer (IA), and checked by a second reviewer (DB). Disagreements were resolved with a third reviewer (DYQ). Data extracted from each study included study setting, the type of mobile technology employed, study size, gender, age of participants, ART treatment experience, mobile phone ownership and adherence status/viral load. We also included how message content was developed, duration of the study, delivery frequency, main outcome(s) measured, methods of outcome assessment and major findings.
Quality assessment and risk of bias across studies
The JBI critical appraisal checklist [36] , (one each for included RCTs and experimental/cohort studies), comprising a list of questions with fixed responses, were used to assess the quality of included studies. Two authors independently graded all included articles, and a senior author (CE) reviewed all the grades. Each article was scored on certain intervention characteristics (e.g. randomisation, blinding) [29] . Any disagreements were resolved between the authors in a scheduled meeting. The quality assessment and scoring criteria are available in Tables A and B in S2 File.
Data synthesis and analysis
Intervention studies that provided sufficient data were used in separate meta-analyses using Cochrane Review Manager (RevMan) [37] software. Findings of the remaining studies were presented in a narrative format.
We focused on dichotomous outcomes and the odds ratios and 95% confidence interval (CI) for the effect of mobile phone interventions in adherence to ART. Using a formula by Chinn [38] , the effects measures that were on a continuous scale were re-expressed as log odds ratios using standardized mean difference (SMD). The studies that reported odds ratios were also converted to log odds ratios. The log odds ratios and standard errors (SE) were combined in RevMan using the generic inverse-variance method [39] . Sub-group analyses were done for scheduled and triggered SMS. The overall effect of mobile phone intervention on immunological and virological outcomes was also estimated using the pooled odds ratio for viral load <400copies/ml [40] . We performed a fixed effect analysis, and heterogeneity was assessed using the Cochrane's Q and degree of inconsistency (I 2 ) [41] . A sensitivity analysis, however, showed little difference in estimates in the fixed or random effect model. Odds ratios were considered statistically significant at the 5% level (P<0.05) if the value 1 is not within the 95% CI.
Results

Characteristics of included studies
Thirteen (13) RCTs and 2 cohort and quasi-experimental studies met the inclusion criteria with 22 excluded with reasons, Fig 1 . Table 1 summarizes the characteristics of the included studies. Studies were conducted in high-(USA, n = 2; Italy, n = 1), low-and middle-income countries (Kenya, n = 2; India, n = 2; Brazil, n = 1; China, n = 2; Nigeria, n = 1, Cameroon, n = 1, Uganda, n = 1), at Infectious Disease and ART clinics (n = 4), health care clinics (n = 2), community health centres (n = 2), hospitals (n = 4) and reported between 2010 and 2016. Sample sizes ranged from 21 to 631.
Majority of the studies recruited adult participants (> 18 years) of both sexes (54.63% male). Three studies focused their interventions on specific populations such as Latina women in Brazil [42] and the youth (14-29 years) [43] . Two studies [43] [44] [45] recruited only participants with established suboptimal adherence. Studies considered participants who were receiving or initiating ART [46] , had been on ART for at least one month [47] , or for less than three months [23, 24, 48, 49] . Shet et al., [50] recruited HIV positive individuals who were ART-naive and had adequate documentation on their HIV positive status. Belzer et al., [51] focused on documented HIV positive patients with a history of non-adherence to one or more components of ART. Huang et al., [52] on the other hand recruited both treatment-naive and treatment-experienced HIV positive patients. The most commonly cited inclusion criteria were age (9/13), followed by access to personal (or shared) phone (8/13). One study [48] removed participants with chronic disease necessitating daily medication while another [51] removed participants with cognitive impairment or substance abuse. Illiteracy was an exclusion criterion for one study [42] .
Risk of bias
The RCTs employed adequate randomisation techniques, had groups that were similar at baseline and measured outcomes of the two groups in a similar and reliable way. Appropriate allocation concealment was adopted by all the trials except Pop-Eleches et al. [24] , who failed to report on this. Understandably, blinding of participants to treatment allocation was a point missing in all studies since the intervention required overt participation. Risk of contamination was a concern in the study by Lester et al., [23] as several participants were reported to have forwarded their weekly text messages to non-intervention participants to share support. In the case of Kalichman et al., [45] bi-weekly calls to the control group was made by an assessment staff whereas the intervention group received calls from a counsellor who was a master's level social worker with experience in AIDS services. The study further mailed supportive devices like an alarm clock and post-it reminders to participants in the intervention group who identified these items as adherent needs. The above constitute the provision of treatments 
Description of interventions
Studies varied in mobile phone functionality, content and delivery of the intervention (Table 2) .
Mobile phone technologies. Mobile phone functionalities employed by the included studies were SMS reminders (8/13), voice (4/13) and a combination of SMS and Interactive Voice Response calls (1/13). Sabin et al., [46] and Haberer et al., [49] adopted an electronic adherence-monitoring device, which trigger an SMS reminder message to be sent whenever the Wisepill system (a pillbox with a Global system for mobile [GSM] communication that makes use of mobile phone and internet technology to provide real-time medication management) failed to detect a device opening 30 minutes after scheduled dose time.
In other studies, participants who had no access to personal phones were provided with study phones [24, 45, 50, 51] , excluded (10/13) or made to share phones with close relations [23] . Haberer et al., [49] excluded 49 (37%) of potential study participants because they had no personal phones.
The cost of the entire intervention was not reported by any of the reviewed trials. An average amount of US$ 0.08 was however reported as the cost of sending an SMS by three studies [23, 42, 47] . One study reported a monthly $45.00 cell phone plan for participants who chose to use their phones or those who were given mobile phones [51] . Such mobile phone plans restricted participants from making toll calls, downloading applications and any other functions that would add additional costs. Incentives in the form of cash [24, 43, 46] and phone credit [24] were also reported. Before the intervention, 4 out of 13 studies trained participants on how to respond to incoming interventions but failed to report on the cost of this training. [23, 24, 45, 53] .
Message development, content and tailoring. The processes involved in developing messages were described in 7 out of 13 studies. Three of these [23, 24, 42] involved a multidisciplinary team and study participants in message content development. Dowshen et al., [43] for example collaborated with patients to develop their messages; Sabin et al., [46] provided patients with the option of selecting from a list 10 options developed jointly by clinicians and subjects. Lewis et al., [54] on the other hand employed the services of three experts with extensive experience in HIV interventions for men who have sex with men (MSM). The content of messages was constructed to remind (8/13), support (6/13) or counsel (1/13) participants. In the case of Belzer et al., [51] , adherence facilitators were recruited and together with participants, scheduled call times at the convenience of participants.
Evidence of tailoring content of messages to participant's specific adherence needs was seen in only 7 studies [43, 45, [50] [51] [52] [53] [54] . These studies either supported patients to design their messages [43] or depended on feedback/specific answers provided by patients to adherence questions. Huang et al., [52] , Kalichman et al., [45] and Lewis et al. [54] for example delivered tailored messages that varied in content and frequency based on participants' experience with ART regimen. In other studies, participants also chose the sex and language of a pre-recorded voice call to be delivered [50] and the language of the voice call to be made [53] In the case of Belzer and colleagues [51] , participants who reported being treatment-naive/non-adherent received daily messages (1-3 times daily) whereas therapeutically adherent participants received weekly messages. Also, participants were given a chance to change their call times during the study period for their convenience in consultation with adherence facilitators [51] . Theoretical framework utilised in developing messages was made evident in two (2) studies. Kalichman et al. [45] , relied on self-regulation models of medication adherence and offered corrective feedbacks that directly addressed the identified adherence needs of participants whereas Mbuagbaw et al., [47] utilised the health behaviour model of behaviour change. All included studies showed evidence of ensuring privacy and confidentiality of HIV status of the participant as depicted by messages being generally brief and neutral with no mention of 'HIV', 'AIDS', or 'ART'. A participant withdrew from a study [47] due to privacy concerns. Six out of 286 participants from the Shet et al., [50] study expressed concerns about intrusiveness and loss of privacy at the end of the follow-up period of intervention.
Delivery strategies. An automated message delivery function was employed by five (5) studies to send SMS messages to participants. Three (3) studies [42] [43] [44] 46] further designed a study specific, web-based interface to ensure efficient management of patient information and text messaging. One study [48] , made use of an internet-based bulk SMS platform to send out pre-scripted messages to participants. There was also an automatic voice call delivery function employed by Shet et al., [50] which began by greeting participants with a hope message before inquiring if patients had taken their medications.
Frequency and timing of communication varied within and across studies. Messages were delivered on a daily [43, 44, 51] , alternate days [42] , weekly [23, 50] , twice a week [48] , every two weeks [45, 52] and a combination of daily and weekly [24] . Delivery of SMS messages/voice calls occurred close to or at the time of dosing [42, 44] , at fixed times in the day [23, 24, 47] , or as specified by the participant [43, 51] . Two-Way interactivity between study participants and investigators was evident in seven (7) studies [23, 43, 45, 47, [50] [51] [52] . These studies made it possible for message recipients to message back and forth with clinic staff. These participants had Short message services and voice call interventions for antiretroviral therapy adherence the opportunity to respond to a specific cue, report a problem or ask questions regarding their care. A total of 15598 valid responses to SMS inquiries were received from 815 participants in 3 studies [23, 43, 47] that required some form of feedback. Reasons for responding were mainly to request medical, logistical, financial support and/or to express gratitude. In all the studies, calls and/or text messaging were initiated by the study investigator. The length and content of messages varied in most studies reviewed. Pop-eleches et al., [24] for example used a combination of long and short messages whereas Mbuagbaw et al., [47] designed a series of 11 messages that were changed every week. This variation in content and length of messages were to sustain interest, provide encouraging content and prevented habituation.
Effects of mobile phone-based interventions on ART
Primary outcome: ART adherence. Characteristics of outcomes are summarised in Table 2 . Adherence to ART was measured as a primary outcome in all included studies. Methods and time intervals employed by the various studies in measuring adherence varied across studies.
Eleven (11) RCTs were included in the meta-analysis. The other two quasi-experimental or prospective cohort and had different scales of measurement of the outcome and therefore could not be pulled together with the RCTs. Seven (7) of these measured the effect of SMS intervention [23, 24, 42, [46] [47] [48] [49] whereas four (4) measured the effect of voice calls [45, [50] [51] [52] . Haberer et al., [49] had two SMS intervention arms, and these were used separately in the subgroup analysis.
Mobile SMS intervention had a significant effect on adherence to ART (OR, 95% CI;1.59;1.27-1.98) , Fig 2. In the subgroups, however, only scheduled SMS significantly increased adherence to ART. Mobile voice interventions had no significant association with adherence to ART, Fig 3. Quasi-experimental studies. The two (2) non-randomised trials also reported beneficial adherence outcomes. Dowshen et al. [43] demonstrated that personalised, daily text messages delivered to youth living with HIV/AIDS could significantly improve and sustain the mean baseline adherence from 74.7% to 93.1% within 24 weeks (p< 0.001).
Secondary outcomes. Secondary outcomes reported in the included studies include immunologic and virologic outcomes, patient satisfaction with incoming messages, and quality of life.
Immunologic and virologic outcomes Four (4) studies [23, 45, 50, 51] involving 1194 participants (602 in intervention arm, 598 in control arm) were analysed. A positive effect of the mobile phone intervention on viral load was observed, but was not statistically significant (OR, 95%CI; 1.29, 0.99-1.68; p = 0.06), Fig 4. Participant experience with the mobile phone intervention (SMS-based only) Three (3) studies [46, 48, 52] provided data on how interventions were experienced by some participants. The majority rated the intervention as being useful in helping avoid missing doses, providing incentives for them to initiate their medications or maintain correct dosing schedule. Some participants further expressed a desire to continue receiving the SMS adherence messages even after the study [23, 42, 43] and were also willing to recommend the intervention to a friend [23, 47] . Participants who did not find the intervention helpful cited timing between the arrival of SMS messages and actual medication intake being too far [42] or being at work or inconvenient place when messages arrived [43] . Adverse events reported include undelivered messages due to technical challenges [52] or lapse in cell phone service [42] ; poor access to electricity to charge phones [24] ; and stolen phones. A female participant in a study by Mbuagwa et al. [44] requested to withdraw from the study because she felt the intervention had compromised her undisclosed HIV positive status. Studies that employed mobile phone voice call functionality, however, did not report on how patients experienced the intervention.
Preference for voice or SMS as a means of message delivery was reported by Rodrigues et al. [53] . Of the 136 participants, 42 (34%), preferred only phone call, 15 (11%) preferred only SMS, 60 (44%) preferred both phone call and the SMS, while the rest preferred neither.
Quality of life Quality of life was assessed with the WHOQOL-HIV BREF (World Health Organization Quality of Life in HIV-infected Persons instrument) [55] and the SF-12 QOL (Short From 12 Quality of Life) assessment form by Huang et al., [52] and Mbuagbaw et al., [47] respectively. Huang et al., [52] Short message services and voice call interventions for antiretroviral therapy adherence whereas Mbuagbaw et al., [47] reported a mean quality of life score of 3.67 (SD-0.623) and 3.69 (SD-0.615) for participants in the SMS group and control groups respectively.
Discussion
Key findings
In this systematic review and meta-analysis, we investigated the effectiveness of mobile phonebased interventions for ART adherence and other outcomes among HIV positive individuals. This review has four main findings. First, scheduled mobile phone SMS significantly improve adherence to ART among HIV positive patients. Triggered SMS did not have significant improvement in adherence to ART. Second, interventions delivered by voice call functionality did not improve adherence to ART. Third, current evidence from RCTs shows that mobile SMS interventions do not improve immunologic and virologic outcomes. However, A quasi-experimental study [44] also reports a statistically significant immunologic and virologic outcomes of SMS-based interventions. Finally, study participants expressed satisfaction with the mobile-phone-delivered ART adherence intervention.
How the finding relates to existing literature
The current review updates and expands on the evidence by Hovarth et al., [21] and Finitsis et al., [22] , who focused on SMS-based interventions and RCTs and concluded that SMSbased interventions are effective in improving adherence to ART. The current review supports this finding, and further reports that sending scheduled text messages (as opposed to realtime, triggered reminders) to individuals with HIV can significantly improve adherence. Our review additionally reports that mobile phone adherence interventions that allow for two-way communication may be more acceptable than standalone, SMS reminders. This finding corroborates existing literature that seems to suggest that stand-alone, SMS reminders may have a deteriorating effect on quality [56, 57] , as the reminders are seen to be intrusive and therefore produces habituation and response fatigue [22, 46] . The current review identified design elements (such as directionality and the optimal frequency of intervention delivery) that might have moderated adherence outcomes. However, the extent to which these differences influenced adherence outcomes remains speculative, as most studies did not report on the theoretical constructs that informed their intervention design. Developing atheoretical mobile phone interventions may lead to a situation where any information, content or delivery methods could be included or excluded for unspecified reasons [58] . We, therefore, recommend adequate reporting of theories that inform intervention design in future studies.
Individual studies employing voice call as an intervention in this review have shown the potential of being effective in improving adherence, even though the pooled effect in a meta- analysis was not significant. This review, however, points to some beneficial effects, albeit secondary, that if harnessed, can improve patient experience of the mobile phone intervention. For example, a study by Huang et al. [52] in China found voice calls to be effective in enhancing the quality of life of individuals receiving ART. This finding contradicts earlier finding that standalone mobile phone text messaging leads to habituation and decrease in quality of life [22, 46] . Additionally, adherence interventions delivered by voice calls may be more acceptable compared to text messaging as demonstrated by Rodrigues et al. [53] . Individuals likely to show a high preference for voice calls are aged and the illiterate population.
Unanswered questions, future research and real-world implementation
More than half of the included studies (67%) used stand-alone, scheduled SMS reminders as an intervention to improve adherence. Beyond the research settings, little is known about how this intervention will be scaled up in low-literate populations and even among the aged [59] as SMS interventions will require these participants to read and respond to messages. Further exploration of the most suitable mobile phone functionality (SMS, Voice and IVR) is therefore warranted. It is also imperative that the World Health Organisation carefully review the current recommendation that SMS-based interventions, in general, are effective and instead focus on those interventions shown to be effective such as two-way text messages in their guidelines. Specific properties of mobile phone functionalities that can be tailored to specific populations such as the low literate group or the youth must be studied to provide specific recommendations to such groups.
Another finding of this review that can potentially impact scalability is the issue of phone ownership [59, 60] . Access to a personal phone as reported in this review was the second most cited inclusion criteria. Lester et al., [23] for example excluded 49 (37%) of study participants for not having access to personal phones. Four (4) studies provided study phones [24, 45, 50, 51] . It was however not clear how participants experienced the carrying of unfamiliar phones with different patterns of usage. We do not know in what situations cell phones may be provided and how this will affect cost and sustainability, or how we can determine who should be given a phone. These are practical issues that must be addressed if the intervention is to be scaled up in resource-constraint settings. Closely related to phone ownership is the issue of privacy. Even though our review points to practical steps adopted by individual studies to protect the undisclosed HIV status among study participants, privacy is still a potential challenge in using mobile phone to deliver care to HIV patients especially in developing countries. Mbuagbaw et al., [47] for example, reported that a patient withdrew from a study because of privacy concerns. This aspect of the intervention must be carefully considered on a scale up. Similarly, logistical concerns such as undelivered messages, broken phones and poor mobile network as reported in this review warrant attention. The review points to potential risks and unintended consequences associated with using mobile phones for adherence interventions and must be explored further.
Using a combination of weekly IVRs and neutral SMS reminders, Rodrigues and colleagues [53] have demonstrated significant improvement in adherence outcomes for patients in India, a setting characterised by illiteracy and multiple dialects. Given the lower use of SMSs in this setting, the study participants showed a preference for voice calls over SMS. A recent trial that looked at a combined mobile phone SMS and telephone call reminder (SMS reminder 3 days prior to scheduled clinic appointments and an average of 90sec lunch hour telephone call reminders a day prior to scheduled clinic appointment) and peer counselling found significant improvement in adherence and treatment outcomes among HIV positive patients on ART in Malaysia [61] . Acceptability of this intervention was high among the participants. Further exploration of combined functionality especially in resource-constraint settings is recommended.
Even though the focus of this review is not on SMART phones, it is important to state that new mobile messaging services such as Facebook Messenger, WhatsApp, SnapChat and Instagram, all have functions that are parallel and often surpass SMS and MMS functionality [62] . We expect that this intervention and other smartphone mobile phone interventions will become a more frequent feature for mobile phone adherence interventions for ART, especially in a high literate population and high-income countries. A study excluded from this review for example [63] found that augmented smartphone application that provided real-time information about the level of medication in the client's blood and a pictorial depiction of immunoprotection significantly improved adherence to ART compared to the standard. We suggest further studies to look into how smartphone applications could be used to improve adherence to ART.
Strength and limitations of the review
This is a comprehensive review of both RCTs and quasi-experimental interventions delivered by mobile phones to improve adherence to ART and other outcomes. Our review has several strengths. The adoption of a broad selection criterion to include all mobile phone-based interventions may reduce inflation of overall effect sizes as a way of preventing publication bias. The methods employed are reproducible, screening of trials and data extraction were carried out by two authors, with disagreement settled with a third reviewer through discussion.
There are however some limitations to our review. This relates to the wider scope of the review and the inclusion of studies without a control group. This might have introduced some confounding and selection bias respectively. The variation in interventions, outcome measurements and follow-up times might also have influenced the pooled effect size of the intervention. However, in situations where there was more than one follow-up, we included data on the longest follow-ups from the various studies.
Conclusions
Scheduled mobile phone text-messaging interventions have demonstrated significant improvement in adherence to ART. Mobile SMS adherence interventions that allow for twoway communication may however be more acceptable than standalone SMS reminders, which are seen to be intrusive and therefore produces habituation and response fatigue. Mobile phone ownership is also a concern that needs to be addressed to enhance scalability in low and middle-income settings as this could affect the affordability and cost-effectiveness of the intervention. Voice calls and triggered SMS functionalities do not have a significant effect on adherence to ART although there is a higher preference for voice functionality over SMS in limitedresource and low-literacy settings. Further exploration of the mobile voice functionality and its possible combination with scheduled SMS is recommended. Evidence provided in this study will guide the implementation of the mobile phone intervention to improve adherence to ART among HIV positive patients, by addressing practical challenges that could militate against scalability and roll out especially in limited resource settings. 
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